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PAPERS AND DISCUSSIONS.

The Institution is not responsible, as a hody, for the facts and opinions advanced
in any of its publications,

PRESIDENTIAL ADDRESS.
(By E. §. HuME.)

Allow me to thank you for the great honor you have bestowed
on me by electing me Fresident of the Institution. At the
same time, I fully realise that had not Mr., W. €. Reynoldson
decided te take up farming and veside at too great a distance
from Ferth te look after the duties connected with that office,
he would have been your President, and not I, and you would,
no doubt, have been the gainers. However, as such is not
possible, with your assistance I will endeavor to do all in my
povrer 1o advance the interests of this Institution.

In framing the address which is expected from the Pr esident
at the opening of the yearly session, and following the usual
character of the addresses submitted by the previous presidents
on such occasions, it has occurred to me that it would be interesting
to place on record the advance that has been made in connection
with locomotives and rolling stock in this State since the intro-
duction of railways, and to touch on other points related thereto.

T.OCOMOTIVES,
The first account we have of a railway in Western Australia
ig that of a line constructed to the Darling Range from the coast,
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a few miles north of Busselton, in 1871. That line carried the
first locomotive brought into this State, the engine being four-
wheel coupled, with a tender, and it was appropriately named
“ Ballarat,” from the Victorian town of that name, where it was
manufactured by the Phoenix Foundry Co. As the haulage
power of this locomotive is not known to me, [ am unable to
contrast it with those used on Government lines to-day, par-
ticulars of which are given in appended table. The first loco-
motives used on Government lines were the old class “ M " Nos,
23 and 24, which were built in Great Britain in 1875 and taken
over by the Government from the contractors who constructed
the line from Geraldton to Northampton, which was completed
in 1879. The engines worked in that district for a considerable
number of years, and after doing service elsewhere were sold by
the Government and are still at work on lines connected with
two timber propositions in the South-West. \When the line from
Fremantle to Guildford was completed in 1881, the locomotives
first introduced were of small capacity as compared with the
modern types now in use. Compare, for instance, the tractive
power of the class “ A" engines (which at one time ran the
mail trains) of 7,200 1bs. with the tractive force of 10,156 Ibs.
exerted by the present-day express locomotives.

In Table No. 1, it will be seen that the range of tractive
power is very extensive, varying from 3,780 Ibs, of t‘he plgmy
“H " class (which is still suitable for work on jetties whose
structures will only carry a light load) to the 23,445 1bs. of the
class “ Fs " heavy goods locomotive, working with superheated
steam, which requires a 6o-lb, rail and prnpurtiozmtt‘ly strong
bridges to carry its 86 tons weight in working trim.

The table does not include two locomotives of the double
‘Fairlie " type which were used on the railways. The date
they were placed on traffic is not definitely known, but their life
as railway tractors was short. This t'yi)c of locomotive had
two boilers, the engines heing carried  on separate bogies at
either end of the main frame, so that it could run with equal
facility in either direction. However, they were not a success,
One was cut into two parts, and the half engine worked as a
shunting locometive for some years before being sold to a timber
company. It appears in Table 1 as old “ F " class.

The latest tyvpe of locomotive introduced into Australia is
the  Garratt,” of which examples are running in this State and
in Tasmania. The use of this type has rendererd it possible to
haul as much on tracks laid with 45-1b. rails as with locomotives
of the conventional tvpe on the 6o-lb, rails. The tractive power
of the two types, non-superheated, is: class 7" (heaviest
ordinary locomotive) 20,525 1bs., class ““ A1 (Garratt type) 21,030
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Ibs. In addition, the latter machine, not having a tender, can go
and bring in a full load where no provision in the shape of a
triangle or turntable has been made. In the case of the ordinary
type, when running tender-first, the load has to be reduced on
main line by 25 per cent., and the speed checked to a corresponding
extent.

The general increase in the tractive power of locomotives in
use has naturally been followed by a proportionate increase in
the loads hauled. To compare extremes: the Northampton
engine would haul 82 tons up a 1 in 45 grade, as against 273 tons
for the class *' . The average cost of working these engines
has been found to be 12.64d. and 21.3d. per train mile respect i\w.l}'
At the old ““ M " rate, therefore, the cost of hauling the “ FF
class load would be no less than 42.4d. per train mile, Not only
is the economical value of the larger engines shown in lesser
actual cost, but by being enabled to haul larger loads a greater
volume of traffic can be hauled along single 1rwks with fewer
crossing sidings. On comparatively level tracks, our heaviest
goods locomotives now take a gross load behind the tender of
750 tons—-this on what is termed a *“ narrow gauge ' railway.

By the use of superheated steam, a reduction of 35 per cent.
in the coal bill and 38 per cent. in the consumption of water is
brought about. This result really brings our locomotives when
using Collie coal up to the same efficiency as the non-superheated
work at when New South Wales coal is nsed. The cost of hoiler
repairs is correspondingly reduced by the smaller amount of
water evaporated, and the engine repairs are lessened by the
reduction of back pressure due to increased size of the exhaust
nozzle. The larger nozzle is rendered possible by mmallm con-
sumption per foot of grate area.

No advantage has been found in this State with the compound
type locometive over that of the saturated steam simple loco-
motive of the same size. The cost per mile per 100 tons hauling
power works out as follows :—Simple engine, class “ E " 6.49d. ;
compound engine, class ' Ec ™ 7.54d. ; this cost includes repairs,

Reviewing the locomotives as per Table 1, it will be seen
that the first locomotives introduced were of small capacity in
accordance with the work that was required and the weight of
rails. With the introduction from 1893 to Ihoﬁ of the classes
“K N and YO goods locomotives, much greater train
loads were taken, which was made possible by the provision of a
heavier rail to carry the heavy locomotives. A further advance
occurred in 1go1-02 when the lighter express engines were super-
seded by the “ E " and “* E¢,” and the heavy goods class " F "
was also put on the road. The latest improvement has taken
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place during 1912-13 by the adoption of the superheated system
on class *“ F'" and the introduction of the * K " class (Garratt
type)-—both saturated steam and superheated.

Devices rFor EconoMmicAL WOREKING OF LOCOMOTIVES.

Other devices which assist in economical locomotive working
are exhaust injectors and hot water injectors, and improvements
to exhaust nozzles.

With reference to the exhaust injector, comparative tests
conducted under severe working conditions showed a saving of
1z per cent. in coal consumption in favor of the exhaust instru-
ments as against the ordinary type of injector. The best results
were obtained when working the former instruments on long runs.
The exhaust instruments will not supersede the live steam injector
for all classes of work, but with one instrument of this type on
one side of the locomotive, and an ordinary injector on the other
side, economical results can be obtained.

Hot water injectors have not been quite so successful, although
the fitting of ordinary injectors with hot water cones has given
some improvement. We are now on the point of trying a system
of feed water heating with pump to take the place of the injector,
and as the action of the pump is independent of the temperature
of the water it deals with, it is expected that further economy
will be secured.

Extensive experiments were carried out with exhaust nozzles,
and these have shown that the ** Star "' pattern as per diagram
is the most suitable and economical,

WATER SUPPLIES.

Considerable difficulties exist in working traffic in this State
owing to the inferior quality of much of the water available—
which is common where the original forest has been removed or
trees ring-barked. In certain districts, unless the reservoirs
are filled by a thunderstorm or heavy rain, the water, which
trickles slowly along, becomes highly impregnated with alkaline
chlorides, It is necessary to test the water which is running,
and only allow it to go into the dam when tests show that the
salts held in solution are not above a certain figure. In some
instances where the salt areas have been located, it has been
possible to divert water from such spots away from the dam,
and only permit water to drain in from that part of the watershed
which is not contaminated. For example :(—

Case (1).—At Cranbrook, G.5.R., the water became very
bad. On testing the area, the source of contamination was
located, and the bad water diverted, as shown on drawing No
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1964. The quality of the water in the dam at once improved,
and has remained comparatively good.

Case (2).—At Wagin the water which used to be conserved
when the watershed was virgin bush, in 1903 contained .1z
grains of alkaline chlorides and no magnesium chlorides.  Analysis
of water taken from the same dam on December 7, 1912, indicated
02.0 grains of alkaline chlorides and 5.5 magnesium chlorides.
In this case the area of contamination was definitely located, but
it was considered that the expense of providing a cement drain
to carry the water through the salt p'lt(‘h was too great. By
watcl 1ng and testing the flow of the water in the creek after heavy
rain, however, we have been enabled to recently secure a dam
full of water carrying not more than 1 grains of salt per gallon.

Case (3).—When testing water along creeks flowing through
ring-barked country at Yornaning in June, 1909, the results as
per drawing No. 1,063 were obtained, showing that while the
water from the virgin wooded country contained under 10 grains
of salt per gallon, the water from the cleared country along the
Hotham River was so salt as to bring the water in the pool up
to 106 grains in the river end, and by diffusion raise the salt in
the leg of the pool (which received the better water) to 65.5 grains.

There are “further examples where, through land being

cleared, the waters of dams and pools have ceased to be made use
of owing to their bad quality, viz. :—

Spencer’s Brook . .. .. 108

ClACRHNE s e 100

REE s L A s A S 6o

Burlong Pool........ 150
CoaL.

In comparison with the Eastern States, much difficulty is
experienced here with the local coal. The standard calorific
value of Collie coal is put down as 10,500 British thermal units,
whereas the standard value of Neweastle (N.S.W.) coal may be
stated approximately at 14,050 B.T.U., the latter thus having a
greater laboratory value of practically 34 per cent.

Unfortunately, our local product cannot be stored on account
of its large percentage of moisture. The tendency to spark,
especially during the summer months, when the evaporation is
greatest, is a drawback. Owing to the lesser risk of fire from its
use, Newcastle coal only is burned in the agricultural areas
during the three harvest months. When using Collie coal during
the summer months the abrasion of the boiler tubes is also much
greater on account of the larger quantity of small coal being
carried through. The deterioration of Newcastle coal by exposure
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is comparatively nil, and it is therefore possible to store it during
the slacker months at the various depots in anticipation of the
increased demand in the summer time. By this means, engines
which would be engaged hauling coal in our busy months are
more profitably engaged in meeting the public demand for quick
transit of produce.

Eiforts are being made to improve the results obtained from
the local coal by the introduction of an ash and smoke consumer.
An appliance of this description is now being fitted.

ROLLING STOCK,

The length and width of carriages running on the Western
Australian Railways compares favorably with thnw on the 4 ft,
81 in. and 5 ft. 3 in. lines of the Eastern States. We were the
first to introduce dining cars into the Commonwealth, and they
have been running continuously between Perth and Kalgoorlie
since their first adoption in March, 1905,

Two hundred and sixty carriages are fitted with dynamos for
generating electric light.,  The system has proved very successful,
and the annual cost of maintenance of the electric light per car
has been reduced from a maximum of (32 16s. per car to £14
gs. 2d., the latter being the cost in 1913.

As with locomotives, the earlier types of carriages were
small and of limited capacity. Compare the ** Al " four-wheeled
car, having seating capacity for 18 passengers, with the “ AT’
second-class suburban car, seating 9o passengers, and the * AQ "
first-class long distance corridor car (seating capacity 33, sleeping
capacity 22). Diagrams of these cars l\uu. 16, 30 and 25, are
appended, also diagram No. 32 of * AV " dining car, which has
provision for seating 24 diners, as well as kitchen accommodation.

Vacuum BRAKE.

The continuous automatic brake is the standard for controlling
trains in this State. All locomotives, carriages, and express
brakevans have been completely fitted. Of the total of g,046
other vehicles, 63 per cent, have been fully equipped with vacuum
brakes, and the remainder with train pipe only, which permits
the vacuum to be worked continuously the whole length of all
trains.

The vacuum brake gives practically no trouble, is easily
maintained, and its use and manipulation are readily learned
by skilled or unskilled employees. The cost of upkeep is small,
and it has been necessary to hold only few spares in stock. One
essential feature is the obtaining of the best quality of india-
rubber for hose connections, rubber rings, diaphragms, and
piston rod bushes.
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WHEELS AND AXLES.

The introduction of our present car and wagon standard
axle with a journal 71 in. x 4 in. has enabled the carrying capacity
of four-wheel stock to be increased by 28 per cent., and the bogie
stock by 33 per cent., and the adoption of a heavier axle with
journal 8 in. x 4% in. has enabled larger bogie trucks to be put
on the line with a nett carrying capacity up to 27 tons each.

At the beginning of our railway life it was the standard
practice to key on the wheels of trucks and carriages, and also
to form a square shoulder behind the wheel boss against which
the wheels were pressed on. (See drawing No. 2,492.) This
practice was responsible for a great number of axles failing
immediately behind the boss of the wheel at the angle formed
by shoulder and wheel seat. The present practice is to form
axles as per drawing No. 1, and to bore out the boss of the wheel
until it requires a pressure of g-11 D tons to force the wheel on
to the axle, ) representing the diameter of the axle in inches
at the wheel scat.

IMPROVED QUALITY OF MATERIAL.

Advances made in the quality of steel have been of great
benefit in adding to the strength of parts which as originally
designed were too weak. (This condition is very often brought
about by the desire of the designing engineer or maker to get as
large a tractive power as possible without going beyond the

: e TR ] s : .
weight limit per axle, which is =~ representing the weight

: . 10 :
of the rail per yard in pounds.) The tensile strength of steel
used for say crank pins, axles, and piston rods was 35-40 tons ;
that of nickel chrome steel is 50-55 tons.

As an illustration: Our “N " class locomotives were con-
tinually breaking the driving crank pins. Formula shown on
diagram No. 1,810 discloses their weakness, the factor of safety
being 3.66, whereas by the use of nickel chrome steel the factor
of safety was brought up to 5.6 and the failures put an end to.

By the use of high-speed steel for turning tools and for other
purposes, it has been possible to do as much as seven times the
amount per machine as was the case fourteen years ago, and
work can now be undertaken which could not have been dealt
with by automatic and turret machines at that period.

EDUcATION OF APPRENTICES.

Coupled with the alterations and improvements that have
been brought about in the railway service, the education of
workshop apprentices has not been overlooked.
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In the vear 1908 steps were taken to give the apprentices
(numbering 103) instruction in class-toom two mornings weekly
before they entered the workshop, the apprentices being paid
for the time so spent. The subjects were :—Elementary class
arithmetic, mensuration ; Intermediate class: algebra, arith-
metic, and more advanced mensuration ; advanced class ; mech-
anics, steam and the steam engine, and drawing. The classes
were conducted wholly by railway officers for the first vear. In
19009, fifteen of the more advanced boys were sent to the Technical
School, the majority being taught by railway officers.  The same
division was observed in 1910 and 1911, but during 1912 the
whole of the teaching was transferred to the Technical School
authoritics. The whole of the apprentices are now taught for
the first three years of their term, while thirteen of the more
meritorious are given advanced tuition in their fourth and fifth
years. 107 apprentices are now receiving instruction.

The best of the lads so trained are being used in the Test
Room, the Drawing Office, and on other important work, and the
results obtained give every indication that the expenditure has
been warranted. Previous to this general education of ap-
prentices, special lads were trained as Mechanical Engineering
Cadets, but with one exception all these youths left the service
to take up outside work. On account of the larger number now
being trained, some of them are beginning to realise that this is
a large State, and that as good opportunities must become avail-
able here as can be obtained elsewhere, and they will benefit as
well as the State when that fact is more generally known and
recognised,

Two of the youths trained as above entered for the course of
engineering training at the University last year, one attending
during the day and the other at the evening classes. One of
them has just been appointed to instruct the mechanical drawing
students at the Technical School evening classes, in addition to
attending to his ordinary duties at the Test Room, Midland
Junction. The other is having his range of knowledge extended
at the tramway repair sheds and office.  This is rendered possible
since the Government Railways Department took over that service
and decided to put down a new power house to supply current for
the tramways and to the Perth City Council (for power and
lighting) and to others who may desire to use the current outside
the radius controlled by the Council. The new power house will
also supply the current for running the plant at the Midland
Junction workshops.
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INVESTIGATIONS OF MICROSTRUCTURE IN CERTAIN
METALS AND ALLOYS.

(By Proressor A. D. Ross.)

Dunng the past few years there is perhaps no branch of the
science of metallurgy which has received more attention, aroused
greater and more widespread interest, and yielded more valuable
results from specialised investigation than metallography. Metal-
lography may be defined as the study of the internal structure
of metals and alloys, and of its relation to their composition
and physical and mechanical properties. It is a branch. of
physical chemistry and is intimately connected with crystallo-
graphy. Regarded from the standpoint of a science, metallo-
graphy formulates various theories for the many phases of
structures existent in metals and their alloys, and serves to
explain the somewhat complex changes which occur as metal
passes through the several stages of solidification or subsequent
heat treatment, which may or may not be accompanied by
mechanical treatment. But, just as practical metallurgy may be
looked upon as an art—the art of extracting metals from their ores
on a successful commercial basis—so practical metallography may
be considered as an art also—the art of treating the finished
metal in such a w ay as to make i1t reveal 1ts mimln] structure,
and, further, of mterpn ting its appearance as revealed in a
microscopic examination so as to arrive at a fairly accurate idea
of its life history and fitness for any particular engineering purpose.

In practice, therefore, metallography has been found to be
a valuable aid to methods of proximate analysis, since by its aid
many prevalent ideas as to the structure of materials have been
revolutionised. At the outset, however, it must be confessed
that without the aid of the chemist the metallographist would
very often be quite at a loss, because analvsis detects certain
definite constituents while the microscope is able only to locate
them. Further, its field of usefulness is strictly limited to the
detection of variations in the physical structure, for the microscope
can give no indication of the presence of combined or dissolved
impurities unless these give rise to differences of structure or
coloration on suitable treatment. Very little value can be
attached to the structure of pure metals, which may indeed be
highly crystalline, but not evince the true crystal form on account
of mutunal interference in the growth of the crystal grains during
solidification. No more are definite chemical compounds or solid
solutions of one metal in another capable of being resolved
microscopically, and no structure can be observed other than that
due to crystallisation. It does not follow that the presence of
the alloying metal or metalloid may not alter the whole structure,
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making it quite distinguishable from the pure metal, but simply
that its separate constituents cannot be rendered visible. Most
alloys are, however, of comparatively complex structure, since,
as solidification goes on, one constituent (usually a solid solution)
separates or freezes out gradually, leaving the molten por tion
enriched in a second constituent which finally solidifies in the
interstices of the primary crystallites in the form of a entectic or
solidified mother liquor which has the lowest melting point.  (Sce
Plate I, fig. 1.) The entectic is not a chemical compound, but
is itseli a mixture of two constituents which may be chemical
compounds, and these in the normal condition are usually arranged
in more or less parallel plates.

Whilst there are several sub-divisions of metallography
dealing with mechanical characteristics and thermal treatment,
I think that one of the most useful branches in the arts is probably
the pathological study which concerns itself chiefly with the
discases of metals, sueh as incorrect treatment or the presence
of deleterious impurities. In most text-books on the subject of
metallography one finds ample information regarding the struc-
tures of iron and steel and many other alloys which have passed
through normal or even ideal conditions. These present standards
for useful comparison, but as a rule very little is said on the
subject of inferior metals and on the appearance under the micro-
scope of metal which has serious inherent defects. I therefore
propose to consider, among other things in t]11-, lecture, a few
examples which have come under my notice of ** something gone
wrong " in metals cases of defects which the chemist would be
unable to fathom but which are readily discernible by a very
simple microscopic examination.

The proper selection and preparation of a sample or section
for microscopic examination 1s of the utmost importance, es-
pecially in the case of investigating the cause of a failure. Wher-
ever possible, the actual fracture should be carefully preserved
to prevent the disguishing influences of dirt and rust, and not
only should cuts be taken {from the metal at the point (Jf fmctuu,
but also at a short distance from it, for the sake of comparison.
The samples are then polished until the surface is perfectly
smooth and practically free from seratches. For this purpose a
polishing machine is used, the rotating disc of which is covered
with paper or cloth carrying the abrasive material.  Successively
finer grades are employed in the process, and, by always changing
the direction of polishing at cach step, the unaided eve can
readily discern when all the former scratches have been removed.
The attrition should never be so heavy as fo make the surface
flow by partially melting or to heat the metal up to such a tem-
perature as to bring about structural change of the constituents.
The final polishing is usually accomplished wet by means of a
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selvyt cloth moistened with water carrying a small quantity of
diamantine or levigated alumina powder in suspension. After
carefully drving the specimen in alcohol or ether, one examines
the specimen at this stage under a low power microscope to see
whether it is perfectly polished and to all intents free from scratches
and also to make out any irregularities in the metal itself.

In some cases a metal or ‘111(:3 treated in this way may be
at once subjected to microscopic examination, but in ‘the great
majority of cases it is necessary to " develop " the structure, or
rather to diiferentiate its various parts in some convenient way,
such as by etching with a reagent which attacks the surface or
discolors certain portions, leaving others bright and little affected.
Among the most useful etching liquids are the fo]luwmg (A
saturate alcoholic solution of picric acid ; (ii) nitric acid, con-
centrated, dilute, or in solution in mixed alcohols with acetic
anhydride ; fii) ammonia, diluted to 1 part with 3 of water ;
(iv) ferric chloride, a syrupy solution being added to strong
hydrochloric acid and then diluted ; (v) hydrochloric acid, con-
centrated and dilute. The necessity for etching is also partly
due to the occurrence of a surface flow in the metal during polish-
ing. FPlow takes place to a great extent on soft substances, and
to an appreciable, if small, extent on the surfaces of even the
hardest crystalline substances. Beilby was the first to demon-
strate the existence on polished surfaces of a thin laver of flowed
structureless material &:tmngly 1‘0%(‘1'nhling in its behaviour a
highly viscous fluid. The * forced polish ” produced by burnish-
ing is due to the formation of a deep layer of this flowed material,
Its formation is well shown on the surface of a hard manganese
steel where polishing soon partially fills up any scratches on the
surface. The scratches are again in evidence when the surface
is etched with a one per cent. solution of nitric acid in alcohol.

While the crystallisation of solid components from molten
alloys and of salts from solutions are processes of essentially
similar nature, there is, as a rule, a noteworthy diference in the
manner of growth of the erystals.  On deposition from a solution
salts gener d.]lv form more or less per fect crystals bounded by
plane faces, and these crystals grow in all directions so that they
retain their original :.-,]mpc and proportions. Metals and 4]]({\.\.
on the contrary, form first of all small crystalline nuclei which
grow almost exclusively in the direction of certain axes giving
rise to elongated and much branched formations, the ** crystal-
lites "' or * crystal skeletons,” Even under the most favorable
conditions of cooling, there is little growth of the cryﬁt:d faces,
and the final forms frequently exhibit highly curved erystal faces.
Arborescent or dendritic structures are therefore common in
metals and alloys. Lebmann® has made a very complete study

* 0. Lehmann, Molekularphysik, vol. 1, Leipsig, 1858,
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of the growth of crystals. He has shown that diffusion is greatest
at the most sharply pointed angles of the crystal. Now, crystals
can grow only in a supersaturated solution. As soon as the
liguid layer in contact with the crystal ceases to be supersaturated
deposition ceases, and the growth of the crystal can recommence
only after diffusion has again increased the concentration of
the adjoining layer. Consequently metallic crystallites develop
axially, and continue to do so until progress is impeded by matter
belonging to other crystallisation centres. The process of solidi-
fication is thereafter a gradual filling up of the interaxial spaces.
The final solid body is thus built up of polyhedra (see Plate 1, figs.
4 and 5), one originating from each centre of crystallisation, and
as the orinetation of the axes of neighboring crystallites varies
in a chance manner, the polyhedra vary in shape and size.

In the case of the crystallisation of salts from aqueous
solution, the size of the resultant crystals depends on the slowness
of the process, So in the case of metals, slow cooling results in
the formation of large cryvstals, and rflpld cooling gives smaller
crystals, This can be well shown by comparing the appearances
of microphotographs of sand and chill castings of the same
material. (See Plate I, figs, 2 and 3.) LEven after a metal has
been cast, it is in many cases easily possible to completely change
the crystalline structure by heating to a temperature far below
the melting point of the material. Prolonged annealing of a
metal at a moderately high temperature is thereafter apt to cause
an undue growth of th<= crystals, and the metal may thus be
seriously nnpanul in strength owing to the development of a
coarse structure,

The eifect of heat treatment on metals is of the very highest
importance. Varying heat treatment, while it need not—and
generally should not—aifect the chemical composition, will as a
rule materially alter the mechanical and other physical properties.
Thus such alloys as definite iron-carbon alloys, copper-tin or
copper-aluminium alloys, assume difterent stable conditions
according to the existing temperature. If slowly cooled from
near the melting point to ordinary temperature they have a known
stable constitution. But when at a high tunperature the con-
stitution is totally different, the phases then present being stable
at that temperature, but, in general, unstable under ordinary
conditions. It is, however, possible to preserve the constitution
which is stable at the high temperature by cooling the metal
under proper conditions. If the hot metal is rapidly quenched
in ice-cold water, the structure corresponding to the high tem-
perature is more or less “ fixed " by the process, and the phases
are said to be present in a metastable form. Equilibrium dia-
grams, as thev are called, have now been constructed for all
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important binary alloys, and these show the constituents present
in any alloy in the series under varying conditions of temperature,
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The figure shows part of the rather complex equilibrium
diagram of the iron-carbon alloys. The percentage of carbon in
the alloy is indicated by the figures along the bottom of the
diagram, and the figures up the left-handside indicate tempera-
tures. The curve ABC gives the temperature at which the
various alloys become completely liquid, and curve ADBLE gives
the temperatures at which complete solidification is attained on
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cooling, The other horizontal and inclined lines represent
changes in the constitution of the solid alloys. The constituents
present in the seven different compartments (I to VII) are as
follows : —
I. Austenite Liquid.
II. Austenite.
ITT, Beta-iron Aunstenite,
IV. Alpha-iron Austenite.
V. Alpha-iron Cementite.
VI. Austenite Cementite.
VII. Cementite Liguid.

Accordingly, an alloy containing say 0.3 per cent. carbon will
undergo several changes in solidifying ’and cooling slowly to
ordinary temperature. Part of the melt will solidify at about
1,500° C., and soon after solidification will be complete, the
whole mass consisting ol austenite—that is of a solid selution
of carbon in gamma iron. On cooling to 8207 there is a change
in constitution and the metal now consists partly of beta-iron
and partly of austenite. At 7607 another change takes place—

the beta-iron alters to alpha-iron and the steel becomes magnetic.
Finally, at about 6go” or 695°, the constituents are transformed
into a mixture of alpha-iron and cementite (the carbide of iron).
All these changes are marked by changes in imechanieal and other
properties, for beta-iron is harder than gamma-iron or alpha-iron,
and alpha-iron alone exhibits characteristic magnetic properties.

For certain purposes it may be desirable to have in a metal
at ordinary temperature some constituent which is stable only
at high temperatures. Thus, since austenite is a hard constituent
it is frequenty desirable to have it present in a metastable con-
dition in cold steel. This, as will be seen from the figure, is easily
attained by quenching the metal at a temperature of about goo C
On the other hand, if it is undesirable to have this constituent
in a sample of steel, and there is a possibility of its being present
through the metal having been suddenly chilled in manufacture,
we can readily remove it by heating the metal to redness and
slowly cooling it back to room temperature. The austenite is
then decomposed and a mixture obtained of alpha-iron and
carbide of iron (cementite). A study of the equilibrium diagram
of a system of alloys accordingly aifords the information necessary
for a rational application of heat treatment. It is to be re-
membered, however, that quenching i1s never sufficiently sudden
as to be “ideal " in its power to fix or stercotyvpe structure.
In all practical cases there will be a more or less apparent change
towards the constitution which is stable at room temperature.
Thus no quenching will in practice be sufficiently powerful to
prevent the decomposition of austenite: a steel at ordinary
temperature can never be formed of pure aunstenite,
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The general method of investigating a failure in metal is
to subject the material first to chemical analysis to determine
faults due to incorrect composition or segregation of impurities,
then to mechanical tests to show up defects arising from incorrect
working of the material, and finally to examine sections with the
microscope to see if the metal has been subjected to incorrect
heat treatinent or to fatigne. FKach of these methods affords
valuable evidence, but it is only by drawing conclusions from
the combined results that we can hope to get near the true solution
of the problem.

Only rarely is deliberate fraud tried in the doctoring of
defective material, and in this case, even if the first two methods
are insufficient, then the microscope is of the utmost service.
Heat treatment of a cast-on test bar can be immediately detected,
and such an nnusual expedient as casting in a picce of another
material to give betier results on testing is very easily found out.
A rather remarkable case of such deception came under my
notice in connection with a consignment of Swedish charcoal
iron which gave astonishingly good tensile tests.  Analysis showed
nothing abnormal as re gards slag or carbon content, but a micro-
graph of a cross section at once revealed alternate piling of
wrought iron and mild steel in the bar for rolling !

Many failures are to be ascribed to improper heat treatment.
A very interesting case of failure, and one which might easily
have heen attended with highly disastrous results, was the
breaking of an express locomofive axle on one of the Scottish
railways a few years ago. The design of the axle was doubtless
faulty, and, in addition to its having been run considerably
over its normal distance, the material was in a condition liable
to succumb to fatigue. Plate I, fig. 4, shows the metal—a
medinm carbon steel—to have been left ina * raw "' or overheated
condition, with the characteristic lattice structure, This is
decidedly brittle and weak in character. Had the metal been in
proper form its appearance would have been somewhat similar
to that shown in Plate I, fig. 6. The acicular structure, as it is
called, should have been replaced by a fine-grained mixture of
alpha-iron and cementite. Plate I, figs. 5 and 6, illustrate the
effect of annealing a brittle motor-car axle. The metal was
supplied as in fig. 5 and failed before 100 miles had been covered.
The metal was in a weak and brittle condition due to improper
cooling after forging. Annealing decomposed the hard polygona
grains of austenite and left (as shown in fig. 6) a finely granular
mass of pearlite and white patches of cementite, the pearlite
being the entectoid mixture of alpha-iron and ¢ ll"bldt‘ of ron,

Plate II shows another not uncommon cause of failure
produced by improper heat treatment. The material was a steel
containing about 2.6 per cent. of manganese, and nominally
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about .7 per cent. of carbon. The metal had, however, been
kept for a long time at a high temperature in the process of anneal-
ing, with the result that the carbon in the surface layers had
been to a very considerable extent * burnt out ™' by the oxidising
action of the air. This at once is evident from the marked
change in structure of the material towards the edge of the
cross-section,

Segregation of certain constituents (often impurities) in
metals is a common origin of fractures. It is in dealing with
such cases that a microscopic examination is of the greatest
value, for a chemical analysis will afford only an average for a
portion of the metal and will give no indication as to the evenness
of distribution of the constituents throughout the sample.

The fatigue of metals is a very peculiar phenomenon, due to
what is erroneously described as the effect of crystallisation.
As a matter of fact, a microscopic examination of {ractured metal
shows that the structure has not become coarser, that there is no
real increase in the size of the crystal grains, but that the brilliant
facets on the fractured surface are merely cleavage planes. In
short, fatigue of a metal is nothing mere nor less than the breaking
down of the crystalline formation. 1If a piece of metal with a
smooth polished surface is bent or stretched, a number of fine
lines make their appearance under the microscope, running
parallel to each other over the area of a single grain, but generally
varying in direction from one grain to another. These lines are
not cracks, but ridges, and are known technically as *“ slip-bands.”
They are due to the fact that the regular orientation of the
particles in a erystal allows slipping of the particles to occur
more readily in certain directions than in others, giving rise to
‘ gliding-planes.”  The p]unomvnnn is perfectly anmalogous to
repeated faults or * step-faults " in geological strata. Thus by
a rapid series of alternating stresses which are well within the
elastic limit it is possible to speedily break down a metal by
causing the growth of a large number of slip bands in the crystal
formation. These rapidly spread by extension along the cleavage
planes of the crystals, following the line of least resistance, and,
communicating ‘themselves from erystal to crystal in the same
direction, make the fracture eventually produced exhibit a series
of very large crystal faces. The cure for fatigue in metal is
therefore to check it carly by an annecaling at say 750° C. {or ten
to ffteen minutes. But if the crack has already commenced,
annealing will only enhance the fault by forming oxide films on
the exposed surfaces of the crack, thus embrittling the structure.

I have already referred to the efiect of quenching at high
temperatures in retaining in a metastable state at ordinary
temperatures the beta and gamma types of iron which correspond
to high temperatures in the metal. The addition of nickel,
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manganese, chromium, and certain other elements has a similar
effect, and the remarkable toughness of Hadfield’s manganese
steel (12 to 13 per cent. manganese, and about 1 per cent. carbon)
is to be ascribed to this action. The authol has found from
magnetic tests that the addition of even 2 per cent. of manganese
]1&5 a marked influence. When the pl.upmtum is raised to 6
per cent. the mangancse prevents the gamma-iron undergoing
transformation into alpha-iron on conling the metal from a red
heat, and so the steel is practically non-magnetic. If, however,
it be immersed in liguid air at a temperature of 190° below zero
centigrade, the manganese is then unable to overcome the greater
tendency for a transformation and the steel acquires magnetic
properties. Plate III, fig. 1, shows a 6.5 per cent. manganese
steel which has been annealed at a temperature of about 850°,
The chief feature is the interlaced structure of aceicular or *' mar-
tensitic '’ constituents which consist of non-magnetic gamma-iron,
The white groundmass is partly the manganese-carbide with any
free gamma-iron. Plate III, fig. 2, shows the same specimen
after immm‘sion in liquid air. A decided transformation has
taken place. The white patches are almost completely freed
alpha-iron (magnetic}, while the main groundmass is the double
carbide of manganese and iron (Mn Fe)s-C, with some partially
decomposed martensitic needles.

These notes will, 1 trust, help to show that the microscopic
examination of metals is a study of the highest importance to
the engineer, insomuch as it affords the most valuable information
on the alloying and thermal treatment of the materials which he
has to employ. 1Itsuse tooindealing with cases of failures is in-
valuable in giving hints towards that prevention which is better
than cure.




PROFESSOR ROSS.—PLATE

FiG. 1, —Stecl c:ul.:l:iiniu;; 4.9 % Mn,
4.4 % C; showingz cementite crystals
and entectie. (= 100)

Fi: 3.—Same Cu-Mn-Alalloy. Sand east
( = zo0)

Fic. 5.—Fractured motor-car axle.
( * 400)

Fic. 2.—Copper 86.6 %, mancanese
4.8 7, aluminium 8.6 Chill cast

{ = 2¢O,

(% 150)

Fii, 6.—Same metal annealed.
{  400)



PROFESSOR ROSS.—ILEATE 17

Manganese Steel Rod showing ** burning out’
annealing at a high temperatare.  ( x 300)

of the earbon by prolonged



PROFESSOR ROSS—PLATE 777,

FiG. [.-—6,5’}'0 Manganese Steel, annealed,
showing marlensitic structure.
{ % 250)

FiG 2.—Same material afler immersion n liquid
air, showing transfurmation to alpha-ivon.
(x 250)



THE NORTH-WEST HARBORS OF WESTERN
AUSTRALIA
(By W. H. YouNng.)

The State of Western Australia, with its enormous area and
extensive coast line, possesses a very great number of harbors,
all practically developed and controlled by the State Government,
These harbors are in every stage of development, from a first-class
harbor like Fremantle, capable ol berthing any steamer passing
through the Suez Canal, down to ports where the only accom-
modation is a small boat jetty on the open beach.

The history of many of these harbors is interesting reading
from an engineer’s p(sinl of wview. It would not, however, be
possible to deal with more than one or two, at most, of the major
ports in the course of a single evening. 1 propose to-night to
traverse that length of our coast line extending from Shark's Bay
to King Sound, and give as well as T am able the history of the
growth of the various ports which are growing up at intervals
along that portion of the coast.

In order to begin at the beginning of the subject it is necessary
to briefly outline the history of that portion of the State. 1 would
like to acknowledge my indebtedness in this regard to the Hon.
A. R. Richardson, from whose interesting book, * The Great
Nor'-West,” I have drawn the materials for the historical portion
of this paper.

Somewhere in the early seventies pastoralists took up country
in the vicinity of Roebourne and founded stations. The only
means of communication for some years was by schooner with
Perth, and owing to the inefficiency of this method there was a
very little prospect of development. Fortunately, however, it
was discovered that mother of pearl abounded on the reefs along
the shore, and many of the station holders took up pearling,
with great benefit financially. Eventually pearling developed
into a separate industry, with Broome as its headquarters.

From Roebourne settlement extended north and south until
the whole of the country was taken up. Further assistance to
settlement has from time to time been given by the discovery of
gold at various places, notably the Kimberley rush of the early
cighties, and later the Marble Bar boom. As settlement increased
the means of transport were improved. First a small coasting
steamer was put on to run from Fremantle, drawing about twelve
feet.

The development of the wool export led to a sailing ship
coming direct from England to Condon for wool, This boat used
to lie aground in shallow water and at low tide the wool was

*"For plans, see end of paper.
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carted out on waggons and put aboard. Further developments
led to two English companies instituting a joint fortnightly
service between Singapore and Fremantle, calling en route at all
ports between Broome and Fremantle. The Adelaide Company
were also very early in the field, and have for many years now
maintained a monthly service from Fremantle.

Quite recently the State has placed a steamer in the trade
with the object of giving increased accommodation, lowering
charges and generally assisting settlers in their arduous work.
This regular fortnightly service was instituted in the early nineties,
corresponding with the beginning of the Coolgardie gold boom,
which gave such an impetus to every department of industry in
this State. These boats had a draft of 2o ft. and accommodation
was provided or increased accordingly at each port. This work
entailed a large expenditure at cach port that is comparatively
large.

Having now dealt briefly with the history generally of
settlement and development, T will now proceed to give a detailed
account of each port from a harbor engineer’s point of view,

CARNARVON.

RANGE oF Tipgs: Springs 5 ft., Neaps 2 ft.

The first boats to trade up this coast from Fremantle were
small schooners. Sufficient harbor accommodation for these
craft was provided by the mouth of the Gascoyne River, and at
a point where deep water occurred close to a high bank
it was found possible to land goods round this point, and
thus the first beginnings of a town arose. As business in-
creased a small wharf was constructed and goods shed erccted.
Vested interests now arose round this point and the subsequent
development of the harbor has been materially affected thereby.
A second stage was reached when a small steamer was placed in
this trade. IFor this boat a jetty was required giving a depth of
1z ft. at low water. A jetty was erected running out to the
two fathom line at Teggs Channel. The weakness of this scheme
lay in the fact that owing to its position it did not lend itself to
an extension into deep water, Later developments brought a
fleet of steamers on the coast drawing 16 and 18 ft. of water.
To accommodate these search was made for a jetty giving prospects
of further extension. A good site giving the necessary depth
fairly close to shore, also giving prospects of an easy extension
later on to 30 ft., was located at Pelican Hill. As, however, the
site was 20 miles north of Carnarvon, it was abandoned for a
site nearer the town. This jetty, which is the one now in use, was
constructed in 1897. It was constructed to strike the three
fathom contour at 1ts nearest point to the shore. To connect
the jetty with the town it was necessary to build a tramline across
Babbage Island, and a bridge across one of the arms of the Gas-
coyne River.
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FuTurRE DEVELOPMENT.—Should it become necessary at any
future time to provide for boats of deeper draught, recourse will
have to be had to either extending the jetty or deepening a channel
up to it. The distance from the end of the present jetty to the
five-fathom contour line is 3 miles ; consequently, to provide for
boats of deeper draught will be a matter of considerable expense.

SHELTER.—This jetty runs out into practically an open
roadstead, sheltered by islands jo miles away. The climate,
however, is of such a mild character that the use of the jetty by
steamers is rarely interfered with.

GENERALLY.—Carnarvon is not well situated as a harbor.
The whole neighborhood consists of light alluvial deposit. Bab-
bage Island, across which the tramline runs, is particularly so.
The town is situated on the outer curve of a bend in the river,
and in consequence is in constant danger from the erosion and
undermining of the banks.

ONSLOW.

RANGE oF TinEs ; Springs 8 ft., Neaps 4 {t.

The town of Onslow is situated about 4 miles from the
mouth of the Ashburton River. The location was decided, as at
Carnarvon, by a suitable bank on the other side of the river, to
enable schooners to berth. Later on a wharf was constructed and
goods sheds erected in its vicinity, and coastal lighters were
put on to carry goods and passengers ashore. This condition of
aifairs is still obtaining. For some years the lighters continued
to use the old wharf up the river ; but as the river is tidal, a great
deal of delay was caused at low water. To obviate this in-
convenience a lighter jetty was erected. This jetty is 1,120 ft.
long and extended into 8 ft. of water. Steamers anchor at present
about a mile from the end of the jetty, to which all goods and
passengers are conveyed by lighter. As may be readily under-
stood, this process is tedious, inconvenient and expenisve ; and
the progress of the port and district are hampered considerably.
A good deal of anxiety is in consequence manifested by those
interested in the district to see the jetty extended to the 3-fathom
contour. As this would entail construction of a jetty a mile
long, and maintaining same, the great expenditure necessary
has militated so far against anything being done. The three-
fathom line approaches nearer the shore to the west of the mouth
of the river, but there are several drawbacks to the construction
of a jetty there, such as lack of shelter for small craft during
wintry weather, insecurity of approach, and the necessity for
building a new approach across the river and the island. In
addition to the main entrance to the river there is a small channel
connecting with the sea. It ig probable that the mouth of the
river was situated at this point at one time,and that the land is
gradually growing scaward owing partly to deposits brought
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down by the river, but more, I think, to sand cast up by the sea
There are many indications I think that the whole western face
of this State is slowly advancing seawards. Indications of this
fact are to be seen at more than one port on the west coast.
(The author here referred to instances of above at Busselton,
Bunbury (Estuary), Mandurah (Estuary), Carnarvon up to
Minilya, and Onslow.)

DEVELOPMENT TO 30 —It may seem premature in the
case of this port to look so fd.‘l‘ ahead, but indications in this
regard are decidedly unfavorable, as the five-fathom contour is
about 4 miles from the shore at its nearest point approachable
from the sea. The drawbacks to this port from a harbor en-
gineer's point of view are many, and a movement is afoot to
search the coast line in the vicinity for a site where more favorable
conditions occur,

SHELTER.—This is practically an open roadstead, but during
the mild weather experienced during a great part of the year
no inconvenience is experienced. During hurricane weather,
however, a steamer caught in the vieinity of Onslow would be in
great danger owing to the network of reefs and sinall islands
which prevail aiung the coast line.

TrRAMWAY gauge tramway drawn by horses
operates IJctwmn the ]vttv and the town, a distance of about
4 miles.

COSSACK.

RaxGe or Tipes : Spring 18 ft., Neaps 12 ft.

It was at the port of Cossack ‘that the settlement of the
North-West was begun. The conditions of landing at such a
port in the early days must have been full of almost insupumble
difficulties. Owing to the great range of tide (8 ft.) high-water
mark is three miles away from low-water mark. If a landing
be made at high water mark it can only be approached at high
water springs and then only for a few hours at a time. The
port was fixed at Cossack after trying several other landings.
There is a creek called Butcher Inlet, which affords good shelter
and sufficient water to float a fair-sized schooner at high water
neaps. Cossack, however, is only an island at high water and
two costly embankments each over a mile long have had to be
constructed to connect it with the mainland, one for a road and
the other for a tramway. No fresh water was obtainable at
Cossack, and the site for the main township was fixed at the
nearest fresh water, which consisted of a large fresh water pool
on the Harding River, about eight miles from Cossack. Here
the township of Roebourne was built, and for many years it was
the principal town north of Geraldton. In 1882 a 2 ft. gauge
tramline 8 miles long was constructed - between Cossack and
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Roebourne, and was worked by horses up till quite recently.
The harbor at Butcher Inlet was unable to accommodate steamers
and as the cost of dredging it out would be very considerable,
nothing was done in that direction.  The steamers anchored off
Jarman Island, and passengers and cargo were lightered ashore,
This arrangement was, of course, most unsatisfactory, and in
1895 Commander Dawson pointed out that there was a site for
a steamer jetty at Point Sampson. Owing partly to opposition
on the part of the inhabitants of Cossack, the jetty was not
built till 1904, and remained without tramway communication
with the mainland until 1go8. The Point Sampson jetty is open
to the north-east, and the late Mr. C. Y. O'Connor was appre-
hensive lest the jetty should be washed away by a cyclone, as
violent gales sometimes occur in this district.  To make the jetty
safer it was built with a deck level of 15 ft. above high water.
As there is 18 {t. of tide here the jetty is 33 ft. above water at
low tide. As may be imagined, the appearance is somewhat in
the nature of a tower. Jetty work from this peint northward
is very expensive, as piles 7o ft. long are required: a very ex-
pensive length both to purchase and freight. Also in these
northern waters the teredo is very much more active than [urther
south. Cunsmlucnt!}-', pi[(‘s are sheathed with muntz metal
from just below high water to 2 {t. into the ground. All nails
and bolts passing through this sheathing must likewise be of
muntz metal, otherwise a galvanic action would set up, causing
excessive metallic corrosion. Considerable difficulty was ex-
perienced in locating a tramline {rom Point Sampson jetty to the
mainland.  Point Sampson, like Cossack, is an island at high
water, and the tramline does not get free from tidal waters until
it has gone six miles from the jetty. Attached plan (No. 1)
shows the first route adopted for the tramline, and a subsequent
deviation put in about two years ago.

FFrom Point Sampson to Roebourne, a distance of 12 miles,
communication is maintained T)y a o iIf. gauge trumway opcratcd
by two steam locomotives. There is no fresh water te be obtained
at Point Sampson, nor between Point Sampson and Roebourne.
Consequently it is very unlikely that there will ever be a township
at Point Sampson.

Furvre DeveropmenT.—This site does not lend itself to
future development, as the five-fathom contour line is a mile and
a half out in the open sea. To get a depth of 24 ft. would require
an extension of three-quarters of a mile,

PORT HEDLAND.
This ig a land-locked harbor, which has a jetty 760 ft. long,
having one berth giving 20 f{t. at low water springs, connected to
3 ft. 6 in, gauge railway line running 120 miles inland to Marble
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Bar. This harbor has no early history, speaking in the sense in
which we have dealt with harbors further south. It first came
into existence owing to the development of the Marble Bar
goldficlds. When these goldfields originated their first port was
Cossack ; later the goods were transhipped at Cossack and
lightered to Condon, from whence they were carried inland to
Marble Bar. About 1897, however, a small jetty was constructed
at Port Hedland, giving one berth of 18 ft. ; this was immediately
made use of by the steamers trading on the coast, and Port
Hedland became the port of the Marble Bar goldfields, and of the
extensive pastoral country which has opened up since. Port
Hedland as a harbor has many disadvantages : the first of these
consists of an outer bar. In order to eénable steamers Lo negotiate
this at low water mark a channel over three miles long would have
to be dredged, protected, and kept open. Owing to the great
range of tide here—24 ft. at springs—the boats arc able to cross
this bar at high tide during a period of about four days fortnightly.
Aslong as the import trade at Port Hedland amounts only to about
150 tons a week, it can easily be handled by the fortnightly
service running at present. Should, however, the trade develop
the disadvantage of the outer bar will speedily make itself felt.
Inside the harbor there is plenty of deep water; the passage,
however, is narrow and tortuous, and, owing to the strong currents
induced by the great range of tide, it is difficult for navigation,
and it is only on account of the great care exercised, and the local
knowledge possessed by the masters of the boats, that the diffi-
culties are safely overcome. The future of Port Hedland as a
harbor 1s best described by saying that it does not lend itself to
development on a large scale.

BROOME.

This harbor is completely sheltered on the north-west and
west, and is protected on the south-west by a shallow bank.
During high water tide, however, there is sufficient water on this
bank to enable a considerable sea to get up in the harbor. The
history of this harbor is as follows :—The pearling boats frst
commenced to use a small creck towards the latter seventies,
and a small Asiatic town sprang up on the banks of the creek.
As trade increased and a jetty became necessary, investigations
were made as to the best position, and eventually a jetty was
constructed for the nuse of steamers in 1896. There is one curious
feature about this jetty, namely, that it does not exten- out to
low water mark. To build a jetty on a coast, which stops short
of low water mark, seems, to one unaccustomed to such con-
ditions, to be somewhat in the nature of an experiment. The
depths of water alongside this jetty are as follows :—

13 ft. at high water neap tides ;

23 ft. at high water spring tides,
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the range of tides at springs being about 28 {t. It will be seen
from this that a boat drawing 18 ft. of water can only berth
during about three days and at fortnightly intervals. As long
as this condition of things prevails it will be impossible for steamers
to call at Broome oftener than once a fortnight. This practically
fixes a fortnightly service for the whole coast, The amount of
trade at present is such that a fortnightly service can about cope
with it, but great inconvenience, expense, and delays are oc-
casioned to people travelling on businses, owing to such a long
interval. No doubt, as tr d{i(‘ Increases, an extension of this jetty
will be made, to give 18 ft. high water neaps alongside, Hu*ubx
ensuring that a steamer can berth during some period of twenty-
four hours. Even under these conditions the steamer will be
resting on the bottom of the sea during a considerable pmtum
of her stay alongside the jetty, a condition of things that is not
at all desirable {from the steam ship companies’ point of view.
After attaining 18 ft. at high water neaps, no doubt a further
extension will be in tmu arried out, to give 18 ft. at low water
springs, a depth that will be necessary if it is to be ensured that
the steamers will always be floating,

DERBY.

RanGe oF Tings: Springs 30 [t., Neaps zo ft.

The history of Derby is as follows:—1In the carly eighties
squatters from the Roebourne district in search of more land
proceeded north and landed at Roebuck Bay (now Broome).
After the land near the coast had been selected, the remaining
members pushed on inland and took up land at various places
along the Fitzroy River, where there is excellent soil and per-
manent pools of water. It was felt that a port nearer than
Broome was desirable, and a schooner proceeded to investigate
King Sound, whilst another party made an exploration on the
landward side. About this time a party had been sent from
Perth on a small steamer, with the object of founding a township
in this vicinity. The landward party discovered at the spot
where Derby now stands a prominent point running out inte the
marshes, and a landing was accordingly made there :\ml the town
established. The present jetty was constructed in 1gor, and the
depths alongside are as follows :—

18 ft, at high water neaps,
34 ft. at high water springs.

An interesting phenomenon at Derby is the extreme range
of tides, 36 ft. It is, I believe, with the exception of the Bay of
Fundy, thc highest tide in the world. The jetty here, similarly
to Broome, does not extend out to low water. Steamers come up
to the jetty at high water and tie up, and are then left high and
dry when the tide goes out. At Broome there is deep water close
to the jetty within a mile, where a steamer may lie at anchor and
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be afloat at low water. This convenience does not exist at
Derby. Should a steamer approaching the jetty discover that
there is no vacant berth she must turn and steam away for
fifteen miles before a position is reached where she may safely
anchor. The jetty and approach embankment are over a mile
long. There is a 3 [t. 6 in. gauge tramway worked by horses
connecting the jetty with the township. A large export trade
is done from this port in cattle. As these beasts come in from
cattle stations remote from settlement they are exceedingly wild
and difficult to handle. The problem of penning, yarding and
loading cargo of this nature is a most difficult one. The cattle
are driven between wide wings into foreing yards, thence along
a narrow race on the jetty through a hinged gangway on board
the ship. The design of a suitable gangway took careful con-
sideration, owing to provision having to be made for a universal
joint where it was connected to the jetty.

Furure Extiension,—This jetty does not lend itself to further
extension. Should future requirements show a necessity for
increased depth the only possibility of doing so would be to move
the port north to Point Torment.

In conclusion, 1 should like to thank you for the patient
hearing you have given this paper, Though only a small portion
of our coast line has been traversed, the number of ports dealt
with is too many to enable them to be exhaustively treated in a
single evening, and I have been compelled to leave out much
interesting matter which I would otherwise have been pleased to
have included.
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SUPERHEATED STEAM IN LOCOMOTIVES.
(By E. A. Evaxs)

I venture to say that at the present time there is no feature
in the working of locomotives offering greater advantages than
the superheating of steam. Compounding in its many forms is
gradually being superseded by this system in all parts of the
world. In Great Britain and the Continents of Europe and
America a very large proportion of all the locomotives now being
built for their own use are provided with one of the several forms
ol superheating steam. Some of the States of Australia are also
taking d(l\rdﬂtdl.,{, of the ecconomy and efficiency to be gained by
its use, and in this State we have had it in use for ne me two
years. The superheating of steam in stationary and marine
boilers has been practised for many years and with pronounced
success and freedom from troubles. In these cases, however, the
superheat has been confined to much lower temperatures than is
now accomplished on the locomotive. The former have contented
themselves with a maximum of about 150 above the temperature
due to the pressure of saturated steam. In locomotive practice
250° to 300° is aimed at and is readily attained and without
insuperable difficulties either in the boiler or the cylinders. In
stationary Lng]llt‘w under these L()IILIIUUII&» an economy of 10 to
15 per cent. in coal consumption is obtained, while in locomotives
a saving of 15 to 20 per cent. is a figure that is well within the
mark. On trials here, spread over four (4) days’ running, an
economy of 35 per cent. coal and 38 per cent. water was averaged.
[t is, however, not suggested that such figures could be maintained
for a lengthy period. In the case quot(,d the engines were new
and everything working under most favorable conditions.

The first superheated engines to work in this State were of
the 4-8-0 type, with 3 ft. 6 in. diameter wheels and cylinders of
19 in. diameter and 23 inch stroke ; fitted with Walschaert valve
gear operating piston valves with outside admission. The
superheater is of the Schmidt type, consisting of eighteen super-
heater flues arranged in the upper part of the tube plates, in three
rows of six flues each. Each flue contains two return tube
elements, or four tubes in all. The chart, figure 1, will best
describe to the members the general arrangement of the
superheater of the type used in the engine under discussion. Two
engines of this class are in service and commenced work in Nov-
ember, 1912. They were part of an order for twelve engines
made by the North British Locomotive Company of Glasgow in
1912. The ten saturated steam engines are similar in all respects,
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but are without the superheater and have cylinders 17 in. diameter
and 23 in. stroke. All wheels, rods and motions are interchange-
able over the twelve engines. Time did not permit of the
redesigning of the valve gear for thesuperheaters so as to arrange
for inside steam admission, and in that respect these engines are
admittedly inferior to what could have been obtained under
other circumstances.

The great improvements in the lubricating properties of the
oils now available and the better methods of applying them have
largely solved the problem of working high superheated steam
on a locomotive. On these railways we use exclusively a mech-
anical forced feed.  The pump, which is double acting, is operated
by a system of levers from a convenient part of the motion.
Eight pumps are enclosed in a rectangular tank and are constantly
flooded with oil.  The stroke of the pump is regulated and a
further means of controlling the guantity of oil delivered is
provided at the delivery valve. On the steam chest at the points
of delivery of the oil, reflux valves are provided to obviate the
possibility of the oil being forced back on the pump, thereby
stopping lubrication or perhaps flooding the pump chamber with
water, These reflux valves are of the utmost importance, and
a perfect seat must be kept for the valve or lubrication will
become very deficient ; all conductor pipes must be kept full
of oil and it is very necessary that drivers see to this fact before
mu\'mg their engine from the shed, as cutting of valve chambers
and rings is readily accomplished with highly superheated steam,
if lubrication is wanting. \When it is remembered that the pump
only makes about four strokes per mile on an engine with a 4 ft.
wheel, it will be readily understood that a very considerable
distance would be run before even the pipes would be filled and
before the oil could reach the moving parts. An engine here, just
out of shops, with new wvalve liners and rings, was rendered
practically nnworkable through the driver’s omission to see that
his pump was operating and that the oil was being delivered at
the proper point. This damage was done in the first ten miles
run, in all probability, and the blow through was so excessive
that the engine could not haul the load, and had to be returned
to shops for valve liners to be bored out and new valve and
rings fitted.

The oil must be of a high flash value, preferably as high as
600° F., but certainly not less than 525° F, if eﬁ‘lciem\ is to be
attained. It is a heavy body, and in cold weather requires to be
heated by steam in the pump chamber to permit of an even flow.,
It should not readily carbonise, but rather volatilize in the steam.
Such an oil is obtainable either as a pure mineral or a blend, and
is about the same cost as the valve oils used on saturated steam
locomotives. The last contracts are for saturated steam 2s. 8d.,
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and for superheated steam 2s. gd. per gallon. In both types
of engines the valves and cylinders are given about 1} pints of
oil per 100 miles.

The eight pumps deliver oil to the following points : at both
ends of the valve chamber, at both ends of the cylinders, at the
piston rod gland, and at the tail rod bush.

The gland packings and their efficiency are largely dependent
on the lubrication and especially so on the valve spindle on such
an engine as this with outside admission. Metallic packing is
generally used, consisting of a mixture of 80 per cent. lead and
20 per cent. antimony. This has worked well in the piston rod
gland, but was not satisfactory in the valve spindle, and the
metallic packing rings were removed and replaced with pure
asbestos, which has given no trouble,

The boiler for the superheated engine is of similar dimensions
to the saturated engines of the same class. One hundred and six
(106) 13-in. brass fire tubes in the upper part of the tube plate
are being abandoned and replaced by ecighteen copper tubes
of 5}-in. diameter containing the superheater elements. In this
State the economy of boiler repairs will, in my opinion, be equal
to the savings effected by the reduced consumption of fucl and
water. The saturated engines are designed for a working pressure
of 175 Ibs. per sq. in, The superheated engines work at 160 1bs.,
and the cylinder diameter is 19 in., against 17 in. in the saturated
carrying the higher boiler pressure. The superheat engines
perform their duties in an easy manner and, notwithstanding the
increascd cylinder diameter, there is always ample steam. There-
fore, the boilers not being forced as the saturated type are, the
boiler repairs are very low. The greatly reduced coal and water
consumption warrants this conclusion, in addition to our ex-
perience in maintenance for nearly two years.

A feature of considerable importance, and one not anticipated,
is the comfort with which drivers pass through the Swan View
tunnel, using superheat steam. Although this tunnel is only
some 400 vards long, it is by no means pleasant for the driver
of a saturated steam engine. IEngines work full out on the down
journcy, the exhaust steam strikes the roof of the tunnel and
immediately fills the cab. The same happens to the superheated,
but the dry steam of the latter greatly relieves the conditions; in
addition the engine is not working so hard.

No troubles have been experienced in the smoke box headers
or the superheater elements. The 5}-in. tubes containing the
elements are usually of steel. On account of the bad qualities
of our water we were obliged to substitute copper tubes, and so
far they have given satisfaction. These Schmidt superheating
appliances are of the type providing a set of louvred plates in the
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smokebox automatically operated by the regulator, so that when
the regulator is closed the louvres are shut, thereby blocking oif
the superheater tubes from any draught and so preventing the
possible burning of the superheater elements. These louvres are
adjustable by the driver so as to re :gulate the amount of superheat.
Owing to the te mperature reached in the smoke box, these louvres
are not casily kept in working order, and there are now at work
several arrangements to get over this disadvantage. The Robin-
son superheater, largely used in Iingland, and which in many
respects resembles Schinidt'’s, substitutes for the louvred damper
a series of live steam jets in the smoke box, which prevents the
hot gases passing through the superheater tubes when the regulator
is closed, the steam jets driving the hot gases back to the firebox.

Schmidt's have recently put on the market a bye-pass and
steam circulating valve. Tlis is designed to supersede the
dampers in the smoke box and se render inspection more easy.
The scheme provided for a small quantity of live steam direct
from the boiler to circulate through the superheater clements,
thus preventing their being bur nod. and thence by way of the

valve chest to tllL cvlinders and then exhausted to dLmUHleDIU
Both ends of the cylinders are placed in communication with
each other by means of an external connection, which latter is
provided with an intermediate valve, which is automatically
closed when the regulator is open.  This system appeals stlongi\
to me for several reasons. It reduces the amount of gear in
the smoke box, which is difficult to maintain; this further
enables the superheater flues to be efficiently cleaned from the
smoke box end; but the greatest benefit to be derived is by
maintaining the temperature of the cylinders, and at the same
time the steam admitted would be sufficient to efficiently distribute
the lubrication to both valves and pistons. The small amount of
steam apparently wasted in this operation would be justified by
the results and more particularly as regards lubrication. This
system is working well in New South Wales, while on one large
railway in England it is reported not to have reached expectations.

In some places no dampers are used, nor are any other
means provided for retarding the furnace gases from traversing
the large flues. In such cases it is probable that they are not
supt:rllcating up to 650° F. If they did the superheating elements
would undoubtedly suifer near the firebox end and would soon
burn out,

Any means of reducing the amount of gear in the smoke box
is of considerable importance. It is found almost impossible to
take oif any nuts or remove pins without destroying them, and
particularly where they are closely attached to the parts containing
the superheated steam. We have improved these conditions
by a free use of graphite and oil when erecting the parts.
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The steam headers in the smoke box are of cast steel and
are standing well up to their work. Some engineers are now
using cast iron and they say with equally good results. This
practice is open to grave doubts. Many serious accidents have
occurred in cast iron fittings, such as valve bodies, when used
with superheated stean.

The question as to the economy in superheating no doubt
depends on the amount of superheat. The real efficiency is
gained by the reduction or elimination of cylinder condensation.
We aim at a temperature of 650° F. or a superheat of 287° I,
the temperature of saturated steam being 363° F. at 160 Ibs.
pressure. On tests spread over a period we maintained an
average of 220° ' superheat, using Newcastle coal with a
calorific value of about 13,500 B.T.U. These temperatures
cannot, however, be so well maintained with Collie coal with a
calorific value of about 10,000 B.T.U., the temperatures recorded
in the fire box of alocomotive using Newcastle coal being 1,290° C.
and that of Collie being 1,110° C. When a fire is put on of
Newecastle coal there is only a small appreciable drop in the
temperature, and that only for a wvery limited period. With
Collie coal, the firebox temperature drops to 500° C., a loss of
b00°, and an appreciable time elapses before the maximum
temperature is regained. As Newcastle coal only contains 4 per
cent. of moisture and Collie up to 24 per cent., this is largely
explained. The temperatures were taken with a * Fery " radia-
tion pyrometer focussed through an air space in the firchole
door and when the engine was standing. It was not possible to
obtain results with the engine steaming as there was too much
vibration. When steaming the temperatures were higher.

On a test of a class ** Fs " engine, superheated, using in one

case all Newcastle coal of a calorific value of 13,500 B.T.U., and
in the other Collie coal of about 10,000 B.T.U., in the first case
73 lbs. of Newcastle coal were used per square foot grate area
per hour, whereas it took gz lbs. of Collie. The Newcastle kept
an average superheat temperature of 666° F., while the 26 per
cent. greater consumption of Collie only maintained an average
of 631° F, This is a good performance for Collie coal, and is
no doubt due to the superheating. Tig. 2.

At the general mecting of the Institute of Locomotive
Engineers, London, in January 1914, the President, Mr. A. i
Hill, Loco. Supt. of the Great Eastern Railway, read a valuable
paper showing the ever increasing costs of railway operation, and
particularly in the mechanical branch. He, however, found one
ray of hope and that was superheating. Inier alia, he stated .—

“ With the goods engine I have been able to get more definite
information as to the actual load drawn, as well as the miles rumn,
and I find that, comparing some results obtained in 1891
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with 1913, the consumption of coal per 100 tons load per 100
miles run per square foot of fircbox heating surface has increased
from 9.7 Ibs. to 11.4 Ibs., or about 17 per cent. I have been able,
also, to compare these results with similar L‘llE.‘;lllES fitted with
Schmidt’s superheater, and the increased consumption mentioned
above has entirely disappeared and instead we have a slight
decrease. This should, in my opinion, aifect the life of the
firebox."”

In attached appendices are given the trial results of four
days’ run with a superheated class “ Fs,”” and saturated steam,
class “ F,"” engines. The features to which 1 would draw par-
ticular attention being the water and Newcastle coal consumption
per ton mile. The superheated engine consumed 257 1b. of coal
and 1.76 Ibs. water, while the saturated ungint' used .308 1b. coal
and 2.84 lbs. of water, showing a saving of 35 per cent. of coal
and 38 per cent. water. These results were ol;hune-.l under good
conditions for superheating, inasmuch as the loading was fairly
good and the work was done over a gradient of 1 in 50. Under
these circumstances the higher degrees of superheat are more
readily maintained, the fuel being a fair quality of Newcastle.

In addition to the class “ Fs " locomotives already referred
to, we have seven ‘* Garratt” type engines fitted with super-
heaters of the Schmidt type, and in all respect similar to the
B8 class.

These engines, however, were designed for the use of super-
heated steam, and their valves are arranged {or internal admission.
In consequence there is no difficulty with the valve steam packing,
as was at first experienced with those having external admission.

These engines are designated class ** Ms.” The tests that
have been made on them confirm the efficiencies gained. In
this case there was a saving in coal of 31.32 per cent. and water
10.3 per cent., IJ\, the superheated Lnglm over the saturated steam
machine ; and in addition the engines perform their work with
greater ease in all respects. The saturated steam engine lost 18
to 35 minutes each day through stoppages for steam, and could
only with the greatest dif IILLI“\ haul her load over the banks,
and water tanks had to be refilled on the run. Having seven of
these t‘ll“]l‘l!‘ working superheat and six working saturated steam,
class * '\i we ]Id.\’L determined that there are no disadvantages
introduced with the former, which would tend to balance the
economies of coal and water. Considering hat the use of super-
heated steam Is a new feature Iu' e, and nf wh'eh our enginemen
had no previous experience, it is evident that the system may be
introduced with confidence eclsewhere. These class * Ms "
engines have been in service since September, 1913, The class
“M " engines were placed on traffic in March, 1912.
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The Midland Railway Company of Western Australia hav
a number of engines equipped with a smoke box superheater.

The system consists of a double nest of tubes, one at each
side of the smoke box, which intercepts the hot gases in their
passage from the boiler tubes towards the chimney. It is claimed
for this scheme that none of the heating surface 1; taken from
the boiler as in the Schmidt superheater, and that all the ad-
vantages are gained exclusively from the gases that would other-
wise be wasted. We have, however, proved to our satisfaction
that boilers fitted with Schmidt’s appliances are free steamers
and that although the heating surface in the tubes is interfered
with it does not aifect the efficiency of the boiler as a steam raiser,
The smoke box superheater has, however, many disadvantages
which makes it particularly unsuitable for use on the State
Railways where Collie coal is used to such a large extent. Our
smoke boxes are frequently half filled with ashes; these ashes
are occasionally red-hot, and would then probably burn out the
superheater, and, if they were not, at normal heat would so
reduce the area exposed to the gases as to make the sllp{‘lhv.tlc,r
non-eifective. A recent test on one of the company’s engines
showed that the superheat of the steam never exceeded 100° IF,
and would only average about 50° I'. over a run of g5 miles.

Figure No. 3 gives a chart showing the rate of firing,
revolutions per minute, and the steam temperatures attained.
This chart is of some interest, as it shows how responsive the
superheat is to the work being done represented by either the
speed or the heavy firing whrn working up the grades. The
temperatures recorded were taken in the steam chest.  Newcastle
coal was used and should give results indicative of the best that
could be attained with this type of gear. The average steam
pressure was 168 Ibs. per square inch, and average superheat
50° . With the Government ** Ms’' engine, \vlth ar average
steam pressure of 160 lbs,, we carry an average superheat of
2760 C.

This chart also shows what must take place in the superheater
tubes as regard expansion and contraction. These small tubes
are rigidly held at the top and bottom of the smoke box, therefore
the continual expansion and contraction which takes place puts
excesisve work on these tubes, and such a bending process must
limit their life. The corresponding tubes in the Schmidt are free
to move at their one end under expansion or contraction, and to
which no resistance is oifered.

It scems to me that with this superheater the steaming
efficiency of the boeiler must be reduced owing to the restriction
of the smoke-box area and the retardation of the flow of the
gases. 1f this is overcome by increasing the blast, the engine
must suffer from the back pressure caused thereby.
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Figure No. 4, taken from Master Mechanics Proceedings
of U.S.a., very clearly points out the relative inefficiency of low
superheat. This must be taken as approximate only. The
results were obtained by Professor Goss on his test locomotive
at the Purdue University. It shows that by increasing the super-
heat from 50° to 200° the steam consumption falls about zo per
cent. As the greater superheat is not reached with a greater
coal consumption but by a better method of heating the steam,
the argument for high superheat is very greatly strengthened, if
not finally determined.

In conclusion, 1 would refer to Figure No. 5, which is
also Professor Goss™ conclusions. It is ol particular interest as
showing the economy gained by the higher pressures when using
saturated steam, but it also demonstrates that such high pressures
are not necessary when high superheat is employed. The maxi-
mum efficiency with the latter is reached at about 175 lbs. per
squarc inch, and is nearly equal at 160 lbs. per square inch, and
all locomotive men will recognise how essential it 1s to work at
the lower figure and by so deing keep away from boiler repairs
and water troubles.

As the cost of adding a superheater when making a new boiler
is not more than [£300, there is a very large margin between the
annual savings in coal and water and any possible repairs to the
superheater.

A class © Fs "' superheated engine running 20,000 miles per
annum and hauling an average load of 300 tons behind the engine
would save in coal a total of 377.7 tons which, at 24s. per ton
for Newcastle coal, equals £453, and the water saved at zs. Gd.
per thousand gallons represents [ [81, or a total saving of JgaJJr
These figures represent the saving on or near the coast, but in the
interior, where cost of haulage of the coal has to be added and
where we pay two to three times as much for water, the savings
would show very handsome results.

I am indebted to the Deputy Commissioner of Railways for
permission to place this data before the Institution, also to Mr.
Stead, general manager of the Midland Railway Company of W. A",
for his consent to obtain results of the working of the smoke
box superheater on his railways.

The following appendices are attached :—
1. Test results of class ** s 7 superheated steam.
2. Test results of class ** F " saturated steam.
3. Particulars of “ Fs "’ and ** " engines.
4. Test results of ““ Ms ™ engine, superheat.
5. Test results of “ M " engine, 5.11111'atvd
6. Particulars of “ Ms” and ““ M ' engine.
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APPENDIX 3.

PARTICULARS OF CLASSES “Fs” AND “F" LOCOS.

“Fs ' Super

Engine. heated.
ADE o S e 4-8-0
IEERgert At s b Walien - oo

Boiler,

IR Da A e e S | e Belpaire
(At S ATRA s e e 18.8 sq.ft.

Heating Surface.

IE5 OIS e R 125 sq. ft,
e S btk o e Sl 977 sq. ft.
SUPDEEHBATRE | i i el caetiess 261 sq. ft.
AHeT T A e o 1,363 sq. ft.
Working Pressure. ... .. .. vo.. 160 Ibs. per
Sq. 1.
Cylinders.
Numbe sl ot s e 2
Diameter by stroke ...._....... Toflix ogh
Diameter of piston valve ....... 8”
R ST 0 MR TR O Outside
Motion :
Type o S Walscheart
R TBIINENEE A n ok S G 5"
Inside Negative Lead .......... Nil.
Wheels :
Coupled. Diameter on thread. .. 3’ 63"
Bogie % s 2’ 6"
Tender " o 2 GY
Weight in working order—
T G, o
On coupled wheels .. ...... 2 T4 0
s zaBele e e D RSO 55 7 0
,» engine and tender .... 85 19 o©
Fictiar Capemtly wal s e seimis s s iers 2,200 galls.
hsiel (Gabaraiyl s s 110 cwts,
Twaetive POWeY . oo vivia caiie s 23,445 Ibs.

SRS Satn
urated.,
4-8-0

Eight-wheel Eight-wheel

Belpaire
18.8 5q. ft.

120 sq. ft,
1,235 sq. ft,

1,201 sq. ft.
175 lbs. per
sq. in.

2
Tl el
8”
Outside

Walscheart

o

Nil,

42 9 o
S84 2 0
84 14 o0
2,200 galls,
110 cwts,

20,530 lbs,
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APPENDIX 0.
PARTICULARS OF CLASSES “Ms" AND “M” LOCOS.
“ Ms »’ Super- ““M” Satu-
Engine: heated. rated.
Type e 2-6-6-2 2-6-6-2
Boiler :
4 B D e AR S S R Belpaire Belpaire
Grate area 22,6 sq. ft.  22.6 sq. ft.
Heating Surface :
BIrelBOoe i, i oniaani atiaen dak 107 5q. ft. 107 sq. ft.
AF U I TS W e S NG ) 959.5 S(. 1:1. 1,233 5q. ft.
SR CEN ES A S e e e R 243.5 sq. {t. —
(lia) o e AR e B S 1,312 8q. ft. 1,340 5q. ft.
Waorking Pressure. . ... oivuvn. 160 Ibs. per 175 lbs. per
Sq. 111 sq. 11
Cvlinders -
T 50 81T B e A AT A 4 4
Diameter by stroke ., . onvs vees 13314 %207 121" x 20"
Diameter of piston valve ....... 6" 6"
b Y B e P e Inside Inside
Motion :
M1y 8 T s e e Pl e G S A Walschaert  Walschaert
IRSIAE IR o et arpe e sda e § &
Qutside Negative Lead ........ Nil, Nl
Wheels :
GoupledoRNIDiah Gter BN e e g S
Bagien, WERSat L e oHiOE 56"
Weight in working order
T LG Tat G
Coupled Leading ... .0 27 e e 25018 I
Frailing w=io-odos 28 50 =3 26 14 ©
Bogie Leading .....cc..... 6 16 3 6 19 3
T BRI e b 70 T 7.3 .0
Total weight . ... .. bg 16 1 66 10 0O

Water Capacity
Fuel Capacity

Tractive Power

.............

. 2,000 galls,

.......

00 cwis.

21,608 lbs

2,000 galls,
60 cwts,

21,030 lbs.
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